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Grease wasteWinterization is a method to modify the characteristics of oils and fats to provide added value by concentrating
the unsaturated fatty acids. The purpose of this study is to characterize a residue from pork processing and eval-
uate two different fractionation methods via winterization. Furthermore, the fatty-acid composition and the
chemical characterization were determined from the grease waste and the fractions obtained after fractionation.
The untreated greasewaste showed an acidity index of 0.57mgKOH/g, a peroxide value of 10.74mEq/kg, 56.45%
unsaturated fatty acids and 43.55% saturated fatty acids, with the predominance of oleic, linoleic and palmitic
acids. The experiment, which was performed in two cooling stages and stirred at 600 rpm, showed a decrease
of 27.89% in the saturated fatty-acid content, which predominantly consisted of oleic, palmitic and stearic fatty
acids. The winterization process improved the quality of the grease waste, reduced the peroxide value and con-
centrated the unsaturated fatty acids.
© 2015 The Authors. Published by Elsevier B.V. This is an open access article under the CC BY-NC-ND license
(http://creativecommons.org/licenses/by-nc-nd/4.0/).1. Introduction
Restaurants and households produce signiﬁcant amounts of difﬁcult-
to-recycle wastes, waste cooking oils and waste fat, which can be valo-
rized [1]. Thus, research on the recycling and valorization of these wastes
is necessary. Modifying the physical structure of these grease wastes en-
ables their valorization and increases their ﬂexibility and applicability in
the food industry [2,3]. Lipids have several food applications, mainly in
baked goods, margarines, ice cream and chewing gums [4].
Changes in the lipid material can occur through the chemical modiﬁ-
cation of fatty acids (hydrogenation), reversal of the ester bond (hydroly-
sis), reorganization of fatty acids in the main chain of the triglyceride
(interesteriﬁcation) and separation of fatty acids (fractionation) [5]. Frac-
tionation is a thermomechanical process to separate the triacylglycerol
constituents of fats andoils. The resulting liquid (olein) and solid (stearin)
fractions have different physical characteristics. Olein has a low melting
point, and stearin has a high melting point [6]. The fractionation of oils,
fats and fatty acidmixtures aims to obtain newproductswith broader ap-
plicability than the original ones. Olein and stearin are examples of these
new products because olein can be used in the food industry in function-
al-food development [7,8], as an emollient in the cosmetic and soap in-
dustries, and in biodiesel production [9]. Stearin acts as a hydrogenatednvironmental Sciences, Federal
ados, MS, Brazil. Tel.: +55 67
. This is an open access article underfat substitute in food formulation, and it is currently used in margarine
production [10,11] and as a replacer for cocoa butter [12,13].
Winterization is a form of fractionation that involves the precipita-
tion of fatty acids in crystals, which enables the fractions to be separat-
ed. Lipid crystallization is affected by many factors, particularly the
methodwithwhich the lipids are cooled from their liquid state because,
when oil is cooled, a solid phase separates, with the composition and
amount mainly depending on the cooling rate and the initial and ﬁnal
temperatures [14].
Products with high lipid content, such as butter, margarine and veg-
etable creams, must have appropriate proportions of solid and liquid
fractions to provide the desired texture and functionality (i.e., spread-
ability) in the products for consumers [15]. The rheological properties
of lipid crystals from these products are also extremely important be-
cause many sensory attributes such as the spreadability, texture and
mouthfeel depend on themechanical strength of the crystal lattice [16].
The purpose of this study is to characterize an industrial residue and
evaluate two different fractionation methods via winterization to im-
prove the properties of the residue and add values and usabilities for
other applications.
2. Materials and methods
2.1. Source of grease agro-industrial waste
The grease waste used in this study was obtained from an industrial
pork-cooking process in a continuous cooking tunnel, whichwas heatedthe CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
Table 1
Operating conditions of the winterization process with a solvent.
Condition Experiment A Experiment B
Stage 1 Stage 2 Stage 1 Stage 2 Stage3
Initial temperature (°C) 30 5 45 30 15
Cooling rate (°C/h) 25 2.5 15 5 0.5
Stirring (rpm) 600 100 300 100 100
Final temperature (°C) 5 0 30 15 7
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50% fat, was frozen at−12 °C, sliced and arranged in the continuous
cooking tunnel. In the process, the melted fat was removed and collect-
ed in tanks.
2.2. Collecting grease pork waste
A sample of 10 kg of grease waste was randomly collected from the
storage tanks on different production days.
2.3. Fractionation of grease pork waste
The ﬂowchart in Fig. 1 illustrates the steps to fractionate the grease
pork waste via winterization. Table 1 describes the process parameters
of winterization of grease waste from the cooking process.
Two experiments were performed. In Experiment A, a sample of
greasewastewas heated to 45 °C and rapidly cooled to 30 °C. Then, hex-
ane was added at a proportion of 40% of the sample volume. The mix-
ture was cooled to 5 °C for 1 h under vigorous stirring and
subsequently cooled to 0 °C with a slow cooling rate of 2.5 °C/h under
slow agitation. The fat crystals nucleated and appeared in the latter
stages.
In Experiment B, a sample of grease waste was also heated to 45 °C
but subsequently cooled to 30 °C at a rate of 15 °C/h, which was follow-
ed by the addition of 40% hexane in volume. Then the sample was
cooled to 5 °C at a cooling rate of 5 °C/h and subsequently to 7 °C at a
slow rate of 0.5 °C/h.
2.4. Chemical characterization
The samples of untreated grease waste, saturated and unsaturated
fractions, which were obtained from the winterization process, were
characterized based on their acidities, refractive indices and peroxide
and iodine values according to the methodologies described by AOCS
(1998) [17]. The moisture content was determined using the Karl Fi-
scher method [17].Fig. 1. Flowchart of the winterization process with a solvent.2.5. Determination of the fatty-acid composition
The fatty-acid compositionwas determined by preparingmethyl es-
ters according to a methodology described elsewhere [18]. The fatty
acid methyl esters (FAME) were identiﬁed using gas chromatography
coupled to mass spectrometry, GC-MS model Agilent 7890A, which
was equippedwith a 30m× 0.25mm× 0. 25 μmHP-5MS capillary col-
umn, and helium was used as the carrier gas in a 1:10 split ratio. The
analyses were performed from 180 °C to 300 °C at a heating rate of 10
°C/min. The temperatures of the detector and injector were set at
325 °C and 300 °C, respectively. All determinations were performed in
duplicate.
The FAME were identiﬁed by comparing the retention time of the
constituents of the sample with a mixture of 19 fatty acid methyl ester
standards (Sigma-Aldrich) and by comparing with the mass spectra of
the NIST MS Search 2.0 library, which is included in the
chromatograph's software. Quantiﬁcation was performed using the
area normalization method.
2.6. Statistical analysis
The results were subjected to variance analysis (ANOVA) at 5% sig-
niﬁcance and by means of Tukey's test using the Statistica 5.0 software
(Statsoft, USA, 1995).
3. Results and discussion
3.1. Characterization of the raw material
Table 2 shows the acidity index, refractive index, peroxide and io-
dine values and moisture content of the untreated grease waste from
the industrial pork-cooking process, which was used as the raw
material.
The untreated grease waste showed an acidity index of 0.575 mg
NaOH/g, which was lower than the reported values for crude oil from
carp (Cyprinus carpio) viscera (0.957 mg NaOH/g) [19] and shad ﬁsh
oil (4.63 mg NaOH/g) [20]. The peroxide value (10.744 ± 1.180 mEq/
kg) was higher than the values of golden mullet ﬁsh oil (3.15 mEq/kg)
[20], crude oil from carp viscera (3.38 mEq/kg) [19] and ﬂaxseed oil
(6.96 mEq/kg) [21]. Nevertheless, the peroxide value of the grease
waste slightly exceeded the established limit of 10 mEq/kg by Codex
Alimentarius Commission (1999) [22], which indicates that the sample
was unsuitable for consumption.
The iodine value was 82.21 cg/g, which is higher than the previously
reported value [20] for shadﬁsh oil (19.7 cg/g) and lower than the valueTable 2
Characterization of the grease waste from the industrial pork-
cooking process.
Parameter Content
AI (mg/g) 0.575 ± 0.150
PV (mEq/kg) 10.744 ± 1.180
II (cg/g) 82.212 ± 0.673
RI at 40 °C 1.471 ± 0.001
Moisture (%) 0.354 ± 0.030
Table 3
Composition of fatty acids in the grease industrial pork
waste.
Fatty acid Content (%)
12:0 0.29 ± 0.08
14:0 13.05 ± 0.78
16:0 18.65 ± 0.54
16:1n-7 2.22 ± 0.32
16:01 2.3 ± 1.01
17:0 0.36 ± 0.04
17:1n-7 0.29 ± 0.01
18:0 10.69 ± 0.50
18:1n-9 31.80 ± 0.31
18:2n-6 17.07 ± 0.17
20: 0 0.51 ± 0.02
20:4n-6 0.44 ± 0.17
20:1n-9 1.64 ± 0.53
20:2n-6 0.77 ± 0.09
⁎∑SFA 43.55 ± 0.28
∑MUFA 38.17 ± 0.43
∑PUFA 18.28 ± 0.14
⁎ ∑SFA: Total saturated fatty acids;∑MUFA: total
monounsaturated fatty acids;∑PUFA: total polyunsatu-
rated fatty acids.
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(Argyrosomus regius) and hake (Cynoscion spp.) ﬁshes [23]. The refractive
index was also notably close to the reported value of 1.470 for raw rice
bran oil [24]. The reported moisture content for the untreated fat was
0.354%, which is higher than the 0.24% found in raw rice bran oil [24].
Table 3 describes the fatty-acid composition of the untreated grease
waste from the industrial process. The total saturated, monounsaturat-
ed and polyunsaturated fatty acids are also shown.
In total, 14 fatty acids were observed in the raw material with the
predominance of oleic acid (18:1n-9)—31.80%, palmitic acid
(16:0)—18.65% and linoleic acid (18:2n-6)—17:07%. The grease waste
showed higher oleic acid content than pink salmon (Oncorhynchus
gorbuscha) oil from the by-products (heads and viscera) (13.4%) [25]
and raw ﬁsh oil from the industrial residues of croaker (A. regius) and
hake (Cynoscion spp.) ﬁshes (22.3%) [6]. For palmitic acid, the grease
waste had a higher value (18.65%) than the oil fromﬁshmeal of carp vis-
cera (16.19%) [19]. The grease waste also showed a higher concentra-
tion of linoleic acid than the ﬁsh oil from industrial residues of
croakers and hake ﬁshes (2.1%) [6]. A similar result for linoleic acid
was reported for oil from wild olive trees (14.6%) [26].
Moreover, the grease waste had more saturated fatty acids (43.55%)
thanMUFA (monounsaturated fatty acids) (38.17%) and PUFA (polyun-
saturated fatty acids) (18.28%). The SFA (saturated fatty acids) content
was close to that in lard (44%) [27] and higher than that in the oils
from pink salmon by-products (24%) [25] and ﬁshmeal of carp viscera
(26.86%) [19].
3.2. Fractionation of pork fat
Tables 4 and 5 show the chemical-characterization results of the
samples that were obtained from Experiments A and B.Table 4
Characterization of the unsaturated and saturated fractions of the grease waste, which were su
Parameter UA1 UA2
AI (mg/g) 0.571a ± 0.011 0.622a ± 0
PV (mEq/kg) 4.556a ± 0.058 3.314a ± 0
II (cg/g) 92.043a ± 1.180 99.787a ± 1
RI at 40 °C 1.470a ± 0.001 1.471a ± 0
Moisture (%) 0.062a ± 0.010 0.061a ± 0
* UA1: unsaturated fraction in Experiment A, whichwas exposed to 40 °C in an air-circulating ov
air-circulating oven for 48 h. *SA1: saturated fraction in ExperimentA,whichwas exposed to 40 °
exposed to 40 °C in an air-circulating oven for 48 h. Different letters in the same line indicate sThe acidity index (AI) of the unsaturated and saturated fractions,
which were exposed to 24 and 48 h in the drying oven, respectively,
did not signiﬁcantly differ (P N 0.05) (Table 4). The values were lower
than the AI from Experiment B (Table 5) and from chicken fat (0.79
mgNaOH/g) [9]. Moreover, the two experiments did not show any sig-
niﬁcant difference (P N 0.05).
The peroxide value was elevated in both experiments (Tables 4 and
5). However, the values obtained after the exposure to 40 °C for 48 h
were higher than those of the samples that remained at constant tem-
perature for 24 h. This difference may be because of the length of time
that the oils were subjected to thermal stress, which increased the deg-
radation of fatty acids and consequently increased the peroxide value. A
comparison of Experiments A and B indicates that the peroxide value
(PV)was 1.54% higher in Experiment A than in Experiment B. Neverthe-
less, the values in both experiments remained within the maximum
limit of 10 mEq./kg, which was established by the Codex Alimentarius
Commission (1999) [22].
The iodine value (IV) of the saturated and unsaturated fractions
showed a signiﬁcant difference (P N 0.05) in both experiments. The sat-
urated fraction showed a decrease in IV because of the winterization
process, which is related to the reduction of the unsaturated fatty-acid
concentration in this fraction. The values were lower than the reported
135 cg/g for bleached ﬁsh oil [23] and close to the reported 80.17 cg/g
for chicken fat [9].
The refractive index of the unsaturated and saturated fractions in the
two experiments showed no signiﬁcant difference (P N 0.05). However,
a signiﬁcant difference (P N 0.05) in moisture content was noted be-
tween the unsaturated and saturated fractions in Experiment A (Table
4). Experiment B also showed a signiﬁcant difference (Table 5).
Table 6 shows the fatty-acid composition of the unsaturated frac-
tions in Experiments A and B, i.e., of the winterized oils. In total, 14
fatty acids were detected in the unsaturated fractions for both Experi-
ments A and B.
Most fatty acids found in the unsaturated fractions of Experiments A
and B were monounsaturated acids, which accounted for 56.00% and
59.34% of the total fatty acids, respectively (Table 6). No signiﬁcant dif-
ference (P N 0.05) was noted among the unsaturated fractions in Exper-
iment A. Oleic acidwas predominant in both fractionsUA1 andUA2with
54.02% and 56.28% of the total fatty acid content, respectively. Linoleic
acid accounted for 27.07% of the total fatty acid content in fraction
UA1 and 24.76% of the total fatty acid content in fraction UA2 (Table
6). Compared to Experiment B, there was also no signiﬁcant difference
(P b 0.05) between the sums of fatty acids in the unsaturated fractions.
The total monounsaturated fatty acids (ΣMUFA) from Experiment B
showed the highest percentage of fatty acids, as indicated in Table 6. A
concentration of oleic and linoleic fatty acids in the unsaturated phase
was also observed in the fractionation of ﬁsh oil [28].
Table 6 also shows the best result of thewinterization processwith a
solvent in Experiment A, which applied two stages of cooling rates and
an initial stirring of 600 rpm. Under these conditions, the saturated fatty
acids were reduced by approximately 27.89% compared to the untreat-
ed grease waste. A signiﬁcant difference (P N 0.05) was observed for the
SFA, MUFA and PUFA of the unsaturated fractions in Experiments A and
B (Table 6).bjected to the conditions of Experiment A.
SA1 SA2
.013 0.546a ± 0.098 0.583a ± 0.016
.018 8.325b ± 0.067 9.068b ± 0.073
.298 63.068b± 1.380 66.862b ± 1.581
.002 1.469a ± 0.001 1.464a ± 0.002
.009 2.590b ± 0.010 1.168b ± 0.020
en for 24 h. *UA2: unsaturated fraction in Experiment A, whichwas exposed to 40 °C in an
C in an air-circulating oven for 24h. *SA2: unsaturated fraction in ExperimentA,whichwas
igniﬁcant differences (P b 0.05).
Table 5
Characterization of the unsaturated and saturated fractions of the grease waste, which were subjected to the conditions of Experiment B.
Parameter UB1 UB2 SB1 SB2
AI (mg/g) 0.573a ± 0.015 0.572a ± 0.015 0.492a ± 0.025 0.701b ± 0.021
PV (mEq/kg) 2.896a ± 0.057 4.553b ± 0.060 9.119c ± 0.055 9.084c ± 0.065
II (cg/g) 85.627a ± 1.581 92.228b ± 0.780 77.281c ± 1.659 71.910c± 1.432
RI at 40 °C 1.467a ± 0.001 1.470a ± 0.002 1.462a ± 0.004 1.465a ± 0.001
Moisture (%) 0.034a ± 0.024 0.186b ± 0.014 0.186b ± 0.014 0.333c ± 0.012
*UB1: unsaturated fraction in Experiment B, which was exposed to 40 °C in an air-circulating oven for 24 h. *UB2: unsaturated fraction in Experiment B, which was exposed to 40 °C in an
air-circulating oven for 48 h. *SB1: saturated fraction in Experiment B,whichwas exposed to 40 °C in an air-circulating oven for 24 h. *SB2: unsaturated fraction in Experiment B,whichwas
exposed to 40 °C in an air-circulating oven for 48 h. Different letters in the same line indicate signiﬁcant differences (P b 0.05).
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tions in Experiments A and B. The sums of total saturated (ΣSFA),mono-
unsaturated (ΣMUFA) and polyunsaturated (ΣPUFA) fatty acids in the
two experiments showed no signiﬁcant difference (P N 0.05). Although
stearic (18:0) and palmitic (16:0) fatty acids predominated in both sat-
urated fractions (39.05% and 40.12% in the fractions of Experiment A;
38.23% and 40.06% in those of Experiment B), no signiﬁcant difference
(P N 0.05)was observed between the saturated fractions in Experiments
A and B.Table 7
Fatty-acid compositions of the saturated fractions of oils from Experiments A and B.
Fatty acid SA1 SA2 SB1 SB2
12:0 – 0.23a ± 0.26 – 0.20a ± 0.02
14:0 1.17b ± 1.13 0.45a ± 0.33 0.39a ± 0.01 0.24a ± 0.02
16:0 46.31a ± 3.80 45.72a ± 2.86 47.85a ± 0.11 46.04a ± 4.76
16:1 0.20a ± 0.11 1.58b ± 1.82 – –
16:1n-7 0.48a ± 0.02 – 0.66b ± 0.01 0.35a ± 0.03
17:0 0.42a ± 0.15 0.43a ± 0.30 0.13b ± 0.02 0.08b ± 0.02
17:1n-7 0.07a ± 0.02 – 0.08a ± 0.01 0.05a ± 0.01
18:0 39.05a ± 2.21 40.12a ± 0.16 38.23a ± 0.30 40.06a ± 2.50
18:1n-9 7.74a ± 0.74 7.74a ± 0.33 7.30a ± 0.04 8.90b ± 2.22
18:2n-6 3.91a ± 0.35 3.04a ± 0.42 4.50a ± 0.09 3.77a ± 0.28
20:0 0.08a ± 0.01 0.28b ± 0.32 0.23b ± 0.20 0.04a ± 0.01
20:1n-9 0.25a ± 0.11 – 0.29a ± 0.16 –
20:2n-6 0.23a ± 0.01 0.40b ± 0.37 0.27a ± 0.01 0.15a ± 0.02
20:4n-6 0.07a ± 0.03 – 0.10a ± 0.02 0.05a ± 0.02
⁎∑SFA 87.03a ± 1.22 87.23a ± 0.71 86.83a ± 0.10 86.66a ± 1.22
∑MUFA 8.74a ± 0.23 9.32a ± 0.75 8.33a ± 0.05 9.30a ± 0.57
∑PUFA 4.21a ± 0.12 3.44a ± 0.40 4.87a ± 0.03 3.97a ± 0.10
⁎ ΣSFA: total saturated fatty acids; ΣMUFA: total monounsaturated fatty acids; ΣPUFA:
total polyunsaturated fatty acids. Different letters in the same line indicate signiﬁcant dif-
ferences (P b 0.05).
Table 6
Fatty-acid compositions of the unsaturated fractions of oils from Experiments A and B.
Fatty acid UA1 (%) UA2 (%) UB1 (%) UB2 (%)
12:0 0.05a ± 0.01 0.06a ± 0.04 0.03b ± 0.02 0.03b ± 0.01
14:0 0.92a ± 0.03 0.98a ± 0.02 0.34b ± 0.00 0.44b ± 0.13
16:0 2.79a ± 0.14 2.64a ± 1.75 2.77a ± 0.11 3.37b ± 0.90
16:1 0.45a ± 0.10 – 0.58a ± 0.14 –
16:1n-7 1.28a ± 0.04 1.66a ± 0.90 0.57b ± 0.01 0.70b± 0.31
17:0 0.46a ± 0.00 0.42a ± 0.71 0.09b ± 0.00 0.12b ± 0.04
17:1n7 0.25a ± 0.02 0.22a ± 0.24 0.08b ± 0.00 0.10b ± 0.04
18:0 12.23a ± 0.11 11.36a ± 1.77 17.11b ± 0.57 14.31b ± 1.76
18:1 54.02a ± 1.86 56.28a ± 1.03 42.27b ± 0.13 42.91b ± 0.41
18:2n-6 27.07a ± 1.89 24.76a ± 1.55 35.54b ± 0.59 37.02b ± 0.13
20:0 0.23a ± 0.07 0.21a ± 0.00 0.05b ± 0.00 0.06b ± 0.02
20:1n-9 – 1.18a ± 1.25 0.26b ± 0.00 0.25b ± 0.05
20:2n-6 0.18a ± 0.16 – 0.24a ± 0.00 0.25a ± 0.11
20:4n-6 0.05a ± 0.01 0.21b ± 0.00 0.08a ± 0.01 0.21a ± 0.05
⁎∑SFA 16.68a ± 0.27 15.67a ± 0.48 20.37b ± 2.50 18.33b ± 2.05
∑MUFA 56.00a ± 0.40 59.34a ± 0.67 43.76b ± 0.05 44.18b ± 0.15
∑PUFA 27.30a ± 0.69 24.97a ± 0.78 35.86b ± 0.01 37.48b ± 0.05
⁎ ∑SFA: total saturated fatty acids; ΣMUFA: total monounsaturated fatty acids;
ΣPUFA: total polyunsaturated fatty acids. Different letters in the same line indicate signif-
icant differences (P b 0.05).Compared with the untreated grease waste (Table 3), the ΣSFA con-
centration increased by 43.25%. Experiment A also separated the satu-
rated fractions better than Experiment B. Similar results were reported
for ﬁsh oil fractioning with an increase of 48.75% in saturated fatty
acids [28].
The winterization of grease waste separated two phases in both ex-
periments: olein (unsaturated phase) and stearin (saturated phase).
The obtained oleins showed a higher concentration of oleic acid than
the untreated grease waste, which permits its use in food formulations
such as the production of structured lipids [8] or functional-food devel-
opment, where it can act as a substitute for common fat [7,9]. The stea-
rin phases are solid at room temperature because of the concentration
of saturated fatty acid in these phases. These new products can be
used as a substitute for hydrogenated fat in the formulation of marga-
rine [10,11] or cocoa butter replacer as palm stearin has been applied
[12,13].
4. Conclusion
Thewinterization process improved the quality of grease from agro-
industrial pork processingwaste. The peroxide value decreased, where-
as the fatty acids were concentrated according to the olein and stearin
phases. The methodologies, which were veriﬁed for the winterization
process using hexane as a solvent, showed satisfactory results because
the two processes concentrated more than 70% of the unsaturated
fatty acids. However, ExperimentUA1 produced the best results because
it yielded a high percentage of unsaturated fatty acids in a short process-
ing time. The products from the winterization process havemore appli-
cability than the untreated grease waste and can be used in food
formulations.
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